surgery
as an alternatIve to thoracotomy Is the excision of peripheral lung nodules.
Nodules judged too small or too far from the pleural surface to be seen or palpated during thoracoscopy must be localized beforehand. nodule diameter was 10 mm (range, 3-20 mm). The mean distance from nodule to costal pleura was 9 mm (range, 0-25 mm). At the end of the procedure, wire placement was confirmed by CT scanning. After thoracoscopy, the surgeons were questioned about the stability and utility of each hookwire localization.
RESULTS.
In all 17 procedures, a hookwire was placed successfully. In one case, the wire dislodged before thoracoscopy (after a 6-hr preoperative delay and severe bending of the wire during induction of anesthesia). (Fig. 1 ).
Subjects and Methods
Percutaneous wire localizations of 1 7 lung nodules in 14 patients were performed under CT guidance between April 1992 and January 1 993. The patients were eight women and six men, 37-74 years old, all of whom had pulmonary nodules found by chest radiography and confirmed by CT. Table  1 ). Five nodules were in the night upper lobe, four in the right lower lobe, two in the left lower lobe, and six in the left upper lobe. As determined by CT scanning, the distances from the nodules to the nearest pleural surface ranged from 0 to 25 mm and averaged 9 mm. CT, rather than fluonoscopy, was used to guide all localizations because of its superior imaging of small nodules and of the wine course with respect to the chest wall, mediastinal structures, pleural surfaces, and fissures. The targeted nodule was located with axial CT scans by using 5-mm collimation.
The route to the nodule was selected to navigate through the chest wall and avoid vital intrathonacic structures, to traverse the shortest possible transpuimonary distance, and to enter the lung nearly perpendicularly to the pleural surface. Usually the patient was positioned to provide near-vertical entry of the introducer needle. One localization required an interloban fissure to be crossed, but this did not complicate surgery. The introducer needle provided in the Kopans set was modified by the insertion of a stylet from a 22-gauge Chiba biopsy needle (Becton Dickinson, Rutherford, NJ). The stylet was used to prevent communication between the atmosphere and the pleural space on the pulmonary circulation. During the first three procedures in this series, approximately 0.10 ml of sterile methylene blue was infused through the introducen needle with the tip at the pleura, before the lung was entered, in order to produce a small stain on the lung surface. This stain would serve as a visible marker should the hookwine become dislodged. of the needle tip was confirmed by CT scanning, the stylet was removed, and the hookwine was inserted and advanced to the tip of the needle. The needle was then withdrawn, and the wine was maintained in a stable position (Fig. 2) . The external end of the wire was looped widely and taped to the sterile drape, which was folded oven the loop and taped to the chest. The purpose of making a wide loop was to permit excursion of the wine with respiration and free withdrawal into the chest should a pneumothorax occur. The patient was positioned carefully on a stretcher in order to keep the wire unencumbered and was transported to the operating noom holding area accompanied by illustrative CT scans.
A progress note was added to the patient's chart specifying the positions of the wine tip and nodule relative to one another and to the pleural surface at the point of wine entry. After thoracoscopy, the operating surgeon was questioned about the stability and utility of the localizing hookwine.
Results
Successful preoperative nodule localization was achieved with the hookwire in all 1 7 procedures. In 1 6 instances, the surgeon felt that thoracoscopic identification of the target nodule would have been unlikely without wire localization, including the case of a 1 7-mm-wide subpleural metastasis that could not be located on a prior thoracoscopy performed without benefit of wire localization.
As observed on CT scans at the end of the localization procedure, the mean distance from wire tip to nodule was 14 mm, ranging from 0 to 35 mm. In 12 of 17 localizations, the wire pierced the lesion. In the other five instances, the wire passed alongside and less than 1 cm from the nodule. Only one wire dislodged before surgery. This occurred in a case in which thoracoscopy was delayed for 6 hr after localization and the patient was rolled onto the exposed wire before surgery.
Nevertheless, a visible hemorrhage on the visceral pleura guided a successful wedge resection. In two other cases, thoracoscopy was delayed 4 hr on more without wire dislodgement.
Some anticipated complications occurred. In the only case in which two unilateral nodules were localized, a large pneumothorax occurred after the first wire was placed, but the wire did not dislodge (Fig. 3) . The pneumothorax was drained by percutaneous catheter before the second localization wire was placed successfully.
In five cases, small pneumothoraces did not require treatment.
Six had been placed after a prior unsuccessful thoracoscopy performed without benefit of preoperative wire localization. nary nodules has been described in surgical and radiologic publications [7, 8] . Our experience suggests that use of the spring hookwire for preoperative localization of pulmonary nodules for thoracoscopic resection parallels the ease of localizing breast masses and has a similar degree of accuracy [14] . As with CT-guided, transthoracic needle aspiration, the choice of a needle path for hookwire placement is often made to provide the shortest feasible transpulmonary route. It should also be remembered, however, that the thoracoscopist may approach the lung from the fissural pleural sunface or may have special requirements regarding the patient's position during the procedure and the disposition of chest wall incisions with regard to the wire site. Therefore, it is crucial for the radiologist and surgeon to confer before and, if needed, during the localization procedure to select the optimal route for the wire. As in one of our cases, a transfissural course may be preferred.
The increased likelihood of pneumothorax is no contraindication. This complication is easily treated, if necessary, and, in the face of subsequent thoracoscopy, it is insignificant. The goal in wire localization in our study was to place the wire through the nodule, with the tip approximately 1 cm beyond the target (Fig. 2) . Nevertheless, the actual distance between the wire tip and the nodule varied widely, from placement within the nodule to 35 mm beyond it. The greatest overshooting occurred early in the experience of each operator.
The wire was probably advanced inadvertently as the needle was withdrawn, because the lung offers little resistance to the hookwire tip (Fig. 4) . It is, therefore, particularly important to have the patient suspend respiration while the needle is withdrawn so that the operator can maintam stable fixation of the wire.
Our results show that the hookwire can serve as a successfuI guide to engaging a nodule at thoracoscopy, provided the wire passes less than 1 cm from the target. The surgeon can readily remove or partially withdraw the wire from the lung before wedge resection. Nevertheless, because of the wire's fine caliber and flexibility, it may be difficult for the thoracoscopist to palpate the end of the wire. For this reason, it is important that the radiologist communicate clearly where the wire tip lies in relation to both the target nodule and the pleural entry point. Because of such communication, successful excisions were possible in our series, even with several early wire placements in which the tip was 2 or 3 cm deeper than the nodule.
In this series, 1 6 of 1 7 hookwire placements remained stable despite manipulation while the patient was being transferred and during preoperative preparation.
In the single case of dislodgement, there was a 6-hr delay between CT-guided localization and thoracoscopy. During thoracoscopy, the wine was found in the pleural space, but hemonrhagic staining of the visceral pleura was sufficient to guide the surgeon to a successful wedge resection. The wire had been inserted through the posterior chest wall, and the patient had been transported prone. In the operating room, however, the patient was turned supine onto the exposed wire, bending it severely. Most likely when the lung was collapsed during the early stages of the thoracoscopy, the wire was effectively anchored externally and therefore pulled out of the lung.
Our 
